We present late-time follow-up of the relativistic tidal disruption flare candidate Swift J1112.2-8238. We confirm the previously determined redshift of z = 0.8900 ± 0.0005 based on multiple emission line detections. HST imaging of the host galaxy indicates a complex and distorted morphology with at least two spatially distinct components. These are offset in velocity space by less than 350 km s −1 in VLT/X-Shooter observations, suggesting that the host is undergoing interaction with another galaxy. The transient position is consistent to 2.2σ with the centre of a bulge-like component at a distance of 1.1±0.5 kpc from its centre. Luminous, likely variable radio emission has also been observed, strengthening the similarities between Swift J1112.2-8238 and other previously identified relativistic tidal disruption flares. While the transient location is ∼2σ from the host centroid, the disrupted nature of the host may provide an explanation for this. The tidal disruption model remains a good description for these events.
INTRODUCTION
A growing number of detected candidates (e.g. Holoien et al. 2014; Arcavi et al. 2014; Holoien et al. 2016a ) makes the study of tidal disruption flares (TDFs) a rising field in transient astronomy. These rare events represent the disruption and subsequent accretion of stars by supermassive black holes (SMBHs; Rees 1988) . Their detection and study provides useful insights into accretion onto SMBHs, the same process that powers active galactic nuclei, but over human timescales of months to years. Analysis of the population of TDFs may provide a new way to determine the mass and spin population of supermassive black holes in galaxies that are inactive and too distant for other methods to be viable.
In the last few years, a possible new population of transient events has been discovered. As opposed to the typi-E-mail: g.c.brown@warwick.ac.uk cally UV, optical and soft X-ray bright "thermal" TDFs (see Komossa 2015 , for a review), two events have been characterised by intense γ-ray and hard X-ray emission dominated by power law spectral components that remain bright (∼10 47 erg s −1 ) and highly variable for well in excess of 10 6 seconds (Levan et al. 2011; Burrows et al. 2011; Cenko et al. 2012; Pasham et al. 2015) . This is accompanied by more moderate optical/NIR emission (∼10 42−43 erg s −1 ) and luminous radio flares with moderate inferred Lorentz factors (Zauderer et al. 2011; Berger & Zauderer 2012) . Each candidate has also been found to be associated with the centres of dwarf, star-forming galaxies (Levan et al. 2011; Cenko et al. 2012; Pasham et al. 2015) .
While few in number, these events have been considered to be a separate class. The most popular explanation is that these are examples of a subclass of TDF that also launches a moderately relativistic jet which enhances the observed emission through collimation and relativistic beaming, in a way analogous to both blazars and on-axis GRBs, making them feasible for detection with the Swift Burst Alert Telescope (Swift-BAT). With considerably higher apparent luminosities, these relativistic TDFs (rTDFs) are observable at much higher redshifts than their relatively local thermal cousins, with the first two events of the class, Swift J164449.3+573451 (henceforth Swift J1644+57; Levan et al. 2011; Bloom et al. 2011; Zauderer et al. 2011 ) and Swift J2058.2+0516 (Swift J2058+05; Cenko et al. 2012; Pasham et al. 2015) being detected at redshifts of z = 0.353 and z = 1.185 respectively. It is unclear as yet whether these events represent a truly separate sub-class, with members possessing a relativistic jet absent in thermal TDFs, or whether they are merely the extreme end of a continuum with varying strengths of jet.
Radio observations of thermal TDFs have, for the most part, resulted in non-detections, placing a tight constraint on any putative jet energies (van Velzen et al. 2013; Bower et al. 2013 ). However in a few rare cases there has been evidence for these thermal sources producing low-level radio jets. TDF candidate ASSASN-14li (Holoien et al. 2016a ) was observed to be X-ray bright, albeit at several orders of magnitude below that in the case of Swift J1644+57, and also detected in radio emission with a comparable flux ratio (van Velzen et al. 2015; Alexander et al. 2016) . Similarly XMMSL1 J0740âȂŚ85 was both X-ray and radio luminous with a comparable luminosity to ASSASN-14li (Saxton et al. 2016; Alexander et al. 2016) . Given that late time radio emission is believed to be largely isotropic (Generozov et al. 2017) , this may suggest a range of jet energies powering emission in these events. In order to determine this, further examples of both thermal and relativistic TDFs must be found and studied in detail.
In Brown et al. (2015, henceforth B15) it was shown that the properties of Swift J1112.2-8238 (Swift J1112-8238) were consistent with those of the previous rTDF candidates. Observations indicated that the event had an extragalactic origin, being associated with an extended source that exhibited a single emission line in optical spectroscopy. This was interpreted as the [Oii] λ3727Å emission doublet, placing the host at a redshift of z = 0.89. At this redshift, the inferred properties of the flare are consistent with the previous relativistic tidal disruption flare candidates in luminosity, evolution and spectral energy distribution, and thus it represents the third member of this class However the redshift could not be confirmed with the available data as the doublet nature of the line was not resolved and no other emission lines were present. Further, a key diagnostic of the previous rTDF candidates had not yet been observed, namely the rising radio flare associated with the presumed relativistic jet. There was also a need to strengthen the constraints on the position of the flare within its host in order to confirm the transient's nuclear origin, the available optical imaging being of too low resolution to resolve structure within the host. Here we present further observations including high resolution optical imaging from the Hubble Space Telescope (HST), medium resolution spectroscopy from X-Shooter on the VLT, and radio observations with the Australia Telescope Compact Array, between them capable of answering many of the unresolved questions surrounding this source.
All magnitudes presented in this paper are in the AB For the optical observations, the target was placed near the lower-left corner of the CCD in order to reduce the inherent charge transfer efficiency (CTE) issues of the WFC3 UVIS chip. The images were CTE-corrected via the method of Anderson & Bedin (2010) . The position angle of the observations was chosen to ensure that diffraction spikes from a nearby bright (R = 15.8 mag) star would not interfere with the target. Each set of exposures was obtained with a sub-pixel dither pattern allowing the images to be redrizzled to half the native pixel scale (resulting in pixel scales of 0.065 /pix and 0.02 /pix in the F160W and F606W images respectively) and combined using the pyraf routine astrodrizzle (Fruchter 2010).
The resulting images are shown in Figure 1 . In each, it is clear that the host has a highly complex, irregular morphology that is broadly split into two main components: one a compact, bulge-like component and the other a more diffuse, extended component which could constitute a disc. Within the extended component there exists a star-forming complex or "knot" on the western edge of the host complex that is most evident in the F606W imaging (see Figure 1 ). Given that this "knot" of emission is located far from the position of the transient, it likely has little bearing on the nature of this event. For the purposes of the analysis (and in part due to the findings of the analysis of the X-Shooter spectrum in subsection 2.2) we consider the photometry of the two main components separately as well as that of the whole system. From this point forwards, parts of the host's morphology will be referred to separately as the bulge and the extended component (the bulk of the diffuse component including the star-forming knot).
In the F160W imaging, photometry of the entire system was completed in an aperture that covered the entire host complex (radius 1.6 ). In order to separate the bulge and extended components, two methods were used. The first method assumes that the extended and bulge components are spatially separable such that the extended component contributes minimally to a small aperture (radius 0.4 ) centred on the bulge component. The extended component photometry is then simply the difference in flux between the total and bulge aperture photometry.
The second method is based on modelling completed using galfit (Peng et al. 2002 (Peng et al. , 2010 ) using 2 Sérsic profiles, one for each component. Due to the low surface brightness and large extent of the extended component, coupled Figure 1 . HST WFC3 images of the host of Swift J1112-8238 in the wavebands (Upper) F160W and (Lower) F606W. The F606W imaging is presented with a 3 pixel smoothing applied. The complex morphology hinted at in the lower resolution GMOS imaging (discussed in B15) is clear in this higher resolution HST imaging. The "host" as determined in B15 appears to be a combination of two separate components, a bulge-like feature and a more extended component (indicated on the images). Also note the existence of a "knot" of emission within the extended component on the western edge of the host complex, most apparent in the F606W imaging. The complex morphology of the host could be indicative of a bulge embedded in a wide disk with a small region of strong star formation. However the asymmetry of the morphology points instead to an ongoing merger or interaction of two galaxies. The position of the transient as determined in the two early epoch GMOS images from B15 are indicated with 1σ error ellipses (yellow) while the centroid of the bulge component in each filter is indicated with a white cross. The weak North-South gradient and the diffraction spike to the West in the F160W image is caused by a bright star to the North of the visible field, while the object to the North-East of both images is an unrelated galaxy. The position angle of the XShooter slit is also indicated on the image, with the slit itself centred on the host galaxy. Table 1 . HST photometry of the host of Swift J1112-8238. The component refers to the portion of the complex morphology being analysed, namely the total system, the position of the IR bulge and the extended remainder of the system. In the F606W imaging, the photometry for both the 1.1 visible emission aperture and 1.6 F160W matched aperture cases are shown. Where applicable, aperture and Galactic extinction corrections have been applied. The total photometry for the F160W modelled magnitude comes from the sum of the contributions of the bulge and extended modelled photometry plus the additional contribution of the "knot" of emission (which was excluded from the fit) determined in aperture photometry of the model subtracted image. Note that the total magnitude of the system is consistent in the modelled and aperture methods.
with the existence of a number of nearby features that were masked from the fit (nearby unrelated galaxy, diffraction spike from bright star etc.), the fit is unable to simultaneously constrain the half-light radius and uncertainties. Instead, the fit is carried out with the half-light radius fixed to the best fit value (1.3 ). The result is a wide, very flat (Sérsic index 0.1) extended disc, while the bulge component is much more compact (half-light radius of 0.22±0.04 , Sérsic index of 2.1±0.7). A star-forming knot of emission to the west of the host (as seen in Figure 1 ) was masked out to accommodate the fit. In order to determine its contribution to the extended component, aperture photometry was used on the model subtracted image centred on the knot emission (radius 0.5 ).
In the F606W imaging, the morphology of the host is too complex to fit with simple radial profiles and thus photometry is determined entirely through integrated flux with apertures matched to those from the F160W imaging described above.
The resultant photometry is detailed in Table 1 . Aperture photometry was corrected for aperture losses assuming the sources were point-like, which provides a minimum aperture correction. In practice, for the large apertures considered these corrections are minimal. All photometry has been corrected for Galactic extinction with E(B−V) = 0.253 ± 0.009 1 , assuming the Fitzpatrick extinction law (Fitzpatrick 1999).
X-Shooter Spectroscopy
Spectroscopy of the host of Swift J1112-8238 was taken using X-Shooter (Vernet et al. 2011) on the Very Large Tele-scope (VLT) on 2014 December 19 (MJD 57010) beginning at 04:44ut and on 2014 December 2015 20 (MJD 57011) beginning at 04:43ut. In each observation the UVB and VIS arms were exposed for a total of 2720 s (4×680) while the NIR arm exposure time was 2400 s (4×600). The data was taken in NOD mode (ABBA pointing) with 5 offsets between the A and B nod positions in the spatial direction (i.e. along the slit).
Since 2012 August, the atmospheric dispersion correctors (ADCs) mounted on the UVB and VIS arms of XShooter have been offline due to malfunction, usually requiring observations to be oriented along the parallactic angle to reduce losses. Unfortunately, the presence of the aforementioned bright star due north of our source made this impossible and forced a position angle of ∼50 • . Instead, wide slits (1.6 and 1.5 in the VIS and UVB arms respectively) and maximised exposure times were used in the UVB and VIS arms to attempt to counter this effect. Given our previous inferred redshift based on lower resolution spectroscopy (as discussed in B15), strong emission lines were not expected to be observable in the UVB arm or the blue end of the VIS arm where the effect is at its worst.
The data was reduced both via the standard reflex pipeline (Freudling et al. 2013 ) and independently via the method of Modigliani et al. (2010) , producing consistent results. Flux calibration was completed with respect to the spectrophotometric standard star Feige110. Telluric corrections were determined through use of the telluric star Hip058859, but were not found to be relevant in the wavelength range of interest.
There was insufficient flux to produce a detection of the continuum level the unbinned data at any wavelength, though faint continuum was detected upon extreme binning of the VIS arm data. A strong, doublet emission feature, coincident with the unresolved line at ∼7045Å from the GMOS and FORS2 spectra presented in B15, was clearly visible. Interestingly, the line is split both spatially and in velocity space into two clear components as can be seen in Figure  2 , which is consistent with an asymmetry observed in the GMOS spectrum from B15. Other emission lines were also visible at wavelengths of ∼9465Å, ∼9190Å and ∼8200Å in the VIS arm and at ∼12405Å in the NIR, all displaying the same two component nature except in the case of the One dimensional spectra of each of the two spatially resolved components were extracted and each line of sufficient significance was fitted with a gaussian profile. Based on the position angle of the slit, we determine that the two components (upper and lower) constitute separate detections of the bulge and extended/western knot components of the host system respectively. This results in measured redshifts of 0.8904±0.0001 for the bulge and 0.8895±0.0001 for the extended component, a velocity offset of 303±47 km s −1 and giving an overall redshift for the complex of 0.8900±0.0005, consistent with that determined in B15. The line widths were deconvolved with the instrumental resolution to determine the velocity dispersion of the lines, 105±15km s −1 and 120±10km s −1 for the bulge and extended components respectively.
The line fluxes were determined separately for each component and corrected for Galactic extinction. Due to the complex morphology of the host and inability to spatially resolve the continuum level of the separate components, no attempt was made at determining slit losses and thus the quoted fluxes are systematically underestimated by as much as a factor of a few. The line fluxes are presented in Table  2 .
Late-time Radio Observations of the Host
Radio flares were observed in both of the previous candidates (Bloom et al. 2011; Cenko et al. 2012; Zauderer et al. 2013) . The well-observed radio lightcurve of Swift J1644+57 indicates that these events are capable of producing bright, long-term radio emission years after the initial event (Zauderer et al. 2013 ). This radio emission originates from the jet colliding with the circunumclear gas and producing synchrotron emission and was predicted, by analogy to GRB afterglows, from TDEs prior to J1644+57 in Giannios & Metzger (2011) .
Observations of Swift J1112-8238 were undertaken using the Australia Telescope Compact Array (ATCA), with an initial epoch on 2015 Jan 30 (∼1300 days post trigger in the observer frame) 2 . The observations were taken simultaneously in two bands, centred at 5.5 and 9.0 GHz. The telescope was in its most elongated 6A configuration, with baselines between 5.938 and 0.337 km aligned East-West, and Earth rotation synthesis was used to improve coverage of the uv-plane. A total on-source integration of 95 minutes was divided over hour angles spanning nearly 12 hours, allowing good reconstruction of the synthesised beam which had a 2.5 × 1.9 full-width at half-maximum at 5.5 GHz. Secondary phase calibrations were performed using regular observations of PKS 1057-797, and absolute flux and bandpass calibration were determined through observations of PKS 1934-638 (the standard calibrator for ATCA). The data was flagged for radio frequency interference, calibrated, imaged and deconvolved with the synthesised beam using the standard software package miriad (Sault et al. 1995) . Each band comprised 2048 channels, each of 1 MHz bandwidth. Multi-frequency synthesis images were constructed using natural weighting and the full bandwidth between the flagged edges of each band.
In both bands, a faint source was identified coincident with the coordinates of Swift J1112-8238 (RA=11:11:47.6 Dec=-82:38:44.44 in the 5.5 GHz imaging with a positional uncertainty of ∼0.25 ; see Figure 3 ). Photometry was completed by fitting point sources to the emission (see Table  3 ). Attempts to fit an extended source to the 5.5 GHz data yields a flux estimate consistent within the point source estimate but with significant uncertainty on both the source size and resultant integrated flux, suggesting that the signal to noise ratio is insufficient to perform such an analysis.
Further observations were made with an identical instrumental configuration through 2016 May 11-16, approximately 1.3 years later in the observer frame 3 with a total exposure time of 8.5 hours. The data was reduced following the same procedure. Fluxes are shown in Table 3 . This second epoch of observations again revealed a point source in the 5.5 GHz band with a flux consistent with the previous epoch. However, the source had apparently declined in the While alignment between optical and radio images is difficult, the emission appears to be centred on the bulge component.
9.0 GHz band to a non-detection with a 3σ upper limit of 54µJy.
Swift J2058+05
During the 2016 May observing run, comparison observations were also completed on the second rTDF candidate Swift J2058+05 on 2016 May 14 with a total exposure time of 3.75 hours. Secondary phase calibration was achieved through observations of PKS 2121+053 and PKS 1934-638 was used for primary flux calibration. The data were reduced in Miriad as described above.
Fluxes for J2058+05 are also shown in Table 3 . Somewhat surprisingly given the greater distance to the event (z = 1.12 cf z = 0.89 for Swift J1112-8238), a source was well detected at the position of Swift J2058+05 in both bands. The northern position of the source and uv-coverage of the observation meant that the beam was strongly elongated along the north-south direction (FWHM 34 × 1.1 ). However, the lack of nearby sources in optical images makes confusion unlikely.
DISCUSSION

Host Morphology and Transient Position
In both bands of the HST imaging the host of Swift J1112-8238 shows clear evidence of a complex morphology with at least two main components. The first is a simple bulgelike structure visible in both the F160W and F606W imag- Table 3 . The observed radio flux from the ATCA observations. All photometry is based on fitting point sources to the images.
ing. In the F160W imaging, modelling shows the bulge is clearly extended with a half-light radius of 0.22±0.04 . At this redshift, this constitutes a physical size of 1.7±0.3 kpc. The Sérsic index of ∼2.1 is also consistent with typical values for galactic bulges, placing it on the boundary between a classical bulge (or elliptical galaxy) and a disk-like bulge (pseudobulge) (Fisher & Drory 2008; Gadotti 2009) , though the large error on this value cannot distinguish between the two. The bulge component of the F606W imaging is marginally more extended than point sources in the field, with FWHM 0.11 compared to 0.08 for other point sources based on measurements using the iraf (Tody 1986 (Tody , 1993 function imexam. Assuming gaussian profiles for both the point source function and the bulge morphology, the half-light radius of the bulge is ∼0.04 = 0.3 kpc. If true, this indicates the F606W emission comes primarily from a small region within the IR bulge component. We also note that the bulge centroids in each waveband are consistent to within measurement errors (∼0.02 ), which could suggest that even late after the outburst there is still some contribution from the transient.
The second component is much more diffuse, with modelling of the F160W imaging suggesting the presence of a wide flat disc with half-light radius of ∼1.3 =10 kpc. This component displays considerable inhomogeneity with the most obvious feature being the knot of emission most visible in the F606W imaging on the western edge of the system, most-likely a star-forming complex.
This morphology is also apparent in the X-Shooter spectrum of the host, with two clear components separated in both the spatial and dispersion directions, where the offset in velocity is ∼300 kms −1 . The two sources may then be separate galaxies that are in the process of a tidal interaction or merger, which would also explain the irregular nature of the second component. However we cannot rule out the presence of a bulge embedded in a disc. The bulge and extended components have quite different colours, the bulge exhibiting substantially more infrared emission than the bluer knot with F606W-F160W (∼V-H) colours of 1.60±0.15 and 0.72±0.18 for the bulge and extended component respectively. This indicates very different stellar populations in the two regions.
The position of the transient with respect to this newly discovered complex morphology is shown in Figure 1 . Note that the error is dominated by the poor seeing and signal-tonoise of the original ground-based transient images with the matching to the HST imaging contributing minimally to the final uncertainty. The transient is clearly associated with the bulge as opposed to the extended component. The transient position is between 1σ and 2.5σ from the centroid position of the IR and optical bulge, depending on the GMOS observation and HST band used. Combining the probability distributions of the two independently determined positions, the best position of the transient places it at an angular distance of 0.14±0.06 which corresponds to a projected physical distance of 1.1±0.5 kpc. Thus the transient position remains consistent with the centroid of the host, albeit somewhat loosely, and thus a supermassive black hole origin remains plausible.
Internal Extinction, Metallicity and Classification of the Host
Numerous transient phenomena, including supernovae (e.g. Filippenko 1997) and tidal disruption flares (Arcavi et al. 2014) , are known to produce transient line emission. However, the nature of the origin of these lines typically leads to extremely wide profiles, with widths of many hundreds to thousands of km s −1 , something that is clearly not the case with ∼100 km s −1 widths of these lines. A number of tidal disruption flares have also possibly been identified through transient line emission alone, such as those found in the galaxies SDSS J095209.56+214313.3 (Komossa et al. 2008) and SDSS J074820.67+471214.3 (Wang et al. 2011) . In these cases, the line emission can be considerably narrower, more akin to that observed here, and that fade over years to decades. However, these events also showed strong coronal line emission, such as high ionisation iron lines that are not present in this case. Given this, and the lack of evidence for line emission in the suspected related rTDF candidates (e.g. Pasham et al. 2015) , the following analysis is made under the assumption that the observed line emission comes from the host alone. Further late-time spectroscopy could confirm this in the future. The internal extinction of the bulge and extended components were determined through their Balmer decrements based on the theoretical values for Case B recombination of a gas with temperature of 10 4 K and electron density of 10 2 cm −3 , as is commonly used in the literature (H α /H β = 2.86; Osterbrock & Ferland 2006) . This results in E(B − V) line = 0.27 ± 0.18 and 0.12±0.12 respectively. Extinction corrections are applied throughout the following analysis assuming the dust extinction law of Calzetti et al. (2000) .
The procedures of Kewley & Ellison (2008) were used to determine the metallicity of the host. The calibrations of McGaugh (1991), Kobulnicky & Kewley (2004) , Zaritsky et al. (1994) and Pilyugin (2001) were applied to the Galactic and internal extinction corrected line fluxes of the bulge component of the host. The lack of an [Oiii]λ5007 detection (or the [Oiii]λ4959 line) due to coincident strong sky line emission precludes a similar analysis of the extended com- ponent. With one exception, we find the calibrations are consistent with a metallicity of 12+log 10 (O/H) ∼ 8.5±0.2, that is a metallicity slightly sub-solar (8.69, Asplund et al. 2009 ). The exception, the Pilyugin (2001) calibration, is determined via the electron temperature (T e ) method, a method known to break down at metallicities of ∼8.4 (e.g. Brown et al. 2016) .
A Baldwin, Phillips & Terlevich (BPT) diagram (Baldwin et al. 1981) can distinguish between a star-forming and AGN-dominated classification for the host. The resulting diagram is plotted in Figure 4 along with a representative sample of SDSS galaxies and the dividing lines between the two regions of the plot as determined in Kewley et al. (2001) and Kauffmann et al. (2003) . The delineation determined in Kewley et al. (2001) is based on the extremal case that is designed to include all starburst galaxies at the expense of including some AGN, as opposed to the more conservative delineation determined in Kauffmann et al. (2003) . Obscuring sky lines at the position of [Oiii]λ5007 in the extended spectrum makes the determination of constraining limits impossible. The upper limit on [Nii]/H α , while formally consistent with a composite interpretation, is indicative of a star-formation driven radiative field and makes it unlikely that there is strong AGN activity in the host. The known, but poorly constrained, evolution of the BPT diagram further pushes the host into the star forming locus (Kewley et al. 2013 ).
Stellar Mass and Black Hole Mass
At a redshift of 0.89, the F160W filter represents a rest frame wavelength of approximately 8000Å. This wavelength, longward of the Balmer break, can be used to estimate the stellar mass of the host under the assumption of a flat spectral energy distribution (SED).
A calibration, based on the K-band absolute magnitude, is provided by Savaglio et al. (2009) . Using the observed F160W absolute magnitudes corrected for internal extinction yields stellar mass estimates for the bulge and knot components of (1.4 ± 0.2)×10 9 M and (2.9 ± 0.3) × 10 9 M respectively. All stellar and black hole masses are subject to an additional 0.1 dex systematic uncertainty from the internal extinction correction not included in the quoted uncertainties and there is a further ∼50% uncertainty from the Savaglio et al. (2009) 
Unfortunately, a K-correction term (2.5 log 10 (1 + z)) was inadvertently applied in the wrong direction in B15; the corrected absolute magnitudes of the flare and host in the i band are M flare = −20.0 and M host = −20.3. This corresponds to a host mass determination of 4 × 10 8 M based on the Kauffmann et al. (2003) rest g -band (observed iband) mass to light ratios and an inferred SMBH mass of ∼2×10 6 M from the scaling relation of Bennert et al. (2011) .
The Savaglio et al. (2009) calibration gives a mass that is approximately an order of magnitude larger than the gband inferred stellar mass estimate. Both of these calibrations are associated with a large intrinsic scatter and neither probes the rest-frame infrared in this source. It is also worth noting that these calibrations are based on the average of large populations and may not be appropriate for implementation in an unusual interacting system.
It is also possible to improve our estimate of the SMBH mass in this system. HST imaging has revealed the presence of a possible bulge-disk system. Applying the bulge mass scaling relation of Haring & Rix (2004) results in a mass of (1.3±0.2)×10 6 M , though with few low mass black holes studied in Haring & Rix (2004) it is unclear how accurate this value is. Under the assumption that each component (bulge and extended) instead represents a separate galaxy, we estimate central SMBH masses of (6.8 ± 0.1) × 10 6 M and (1.6 ± 0.3) × 10 7 M respectively based on the scaling relation of Bennert et al. (2011) . Finally, the estimates produced from the bulge mass to black hole mass relation of Kormendy & Ho (2013) results in values of (3.3 ± 0.5) × 10 6 M and (7.8 ± 1.0) × 10 6 M (with an additional 0.28 dex scatter not included here). Each estimate is well within the 10 8 M limit for the disruption of a Sun-like star (Rees 1988) .
Star Formation Rate and Stellar Population
We use the F606W absolute magnitude (∼3100Å rest) as a star formation rate indicator. Moustakas et al. (2006) derive a U-band (∼3600Å) conversion of (1.8 ± 1.0) × 10 −43 L(U) M yr −1 (erg s −1 ) −1 . This implies SFRs of 0.16±0.09(0.11) M yr −1 and 0.54±0.31(0.20)M yr −1 for the bulge and extended components. The quoted uncertainty on each result comes primarily from the large uncertainty in the calibration, a result of the reddening variation that dominated the sample the relation was derived from. We indicate a further systematic uncertainty due to the internal extinction correction in brackets. This can be very large, as much as 100% at rest-frame ultraviolet wavelengths.
Alternate star formation rates can be derived from certain line luminosities. Both Hα and [Oii] have been used for this, subject to uncertainties in metallicity, dust extinction and nebular gas conditions. We derive star formation rates of 1.06±0.12(0.72) and 1.01±0.09(0.49) M yr −1 for the bulge and extended components from Hα (using the calibration of Murphy et al. 2011 ) and 1.6±0.4(1.3) and 1.6±0.5(1.8) M yr −1 from [Oii] (using the calibration of Kewley et al. 2004) 4 . These are broadly consistent, although the line indicators suggest a higher star formation rate in the bulge component than the continuum. This may indicate that continuum extinction has been underestimated or alternatively that the physical conditions differ from those assumed in the calibrations (100 Myr old continuously star forming stellar population). The total star formation within this system is constrained to be less than 3.2±0.6 M yr −1 .
Although the two components have similar star formation rates, their very different morphologies are reflected in quite different line properties. As Figure 2 makes clear their line ratios, including between components of the strong [O II] emission doublet, differ suggesting a difference in the nebular gas properties or the ionizing stellar population.
Properties of the Radio Emission
If interpreted as star formation, and accounting for the radio spectral slope, the rest frame 1.4GHz radio luminosity implied by the first epoch of radio observations suggests a star formation rate of a few hundred solar masses per year (Condon et al. 2002) . The spectral slope is, in reality, poorly constrained. This very high implied star formation rate, is 2 orders of magnitude higher than even the largest estimates from the UV and optical measures. The moderate internal extinction determined in this case makes dust obscured star formation unlikely to be the cause of the discrepancy. Further, the radio spectral index (α defined as S ν ∝ ν α , where S ν is the flux per unit frequency, ν) in both epochs is higher than would be expected for star formation associated synchrotron emission, which tends to be within the range −0.5 < α < −1 (e.g. Condon 1992; Thompson et al. 2006; Seymour et al. 2008) . Coupled with the apparent evolution in flux and spectral index, the radio emission is inconsistent with coming solely from star formation.
The radio emission appears to be coincident with the bulge component (Figure 3 ). This is further evidence for an association with the transient flare, a finding that is also backed up by the possible evolution of the source. An alternative explanation is that it is is due to unrelated AGN activity from the bulge's central supermassive black hole. However, the narrow emission lines visible in the X-Shooter spectrum and their line ratios suggest this is not the case.
As such, it is plausible that the emission is instead directly associated with the transient, possibly an rTDF. Unfortunately, as mentioned in B15, the archival radio limits are not deep enough to determine whether these observations are brighter than the quiescent level of the host. However, it is possible to compare them to the previous rTDF candidates. In Figure 5 , the radio lightcurves of all three Figure 5 . The radio lightcurves of the three rTDF candidates plotted in rest-frame time and scaled to the redshift of Swift J1644+57, the best studied of the three rTDF candidates. The lightcurves are plotted for Swift J1644+57 (black), Swift J2058+05 (blue) and Swift J1112-8238 (red and orange). The lightcurves are plotted at frequencies of ∼10 and ∼20 GHz restframe compiled from Zauderer et al. (2011) , Berger & Zauderer (2012) , Zauderer et al. (2013) and from a VLA observation (associated with VLA/14A-423 PI: Zauderer) for Swift J1644+57, while the Swift J2058+05 observations are from Cenko et al. (2012) and Pasham et al. (2015) . The luminosities of the three flares are consistent to within an order of magnitude at late times. Interestingly, with the exception of the ∼40 day Swift J2058+05 observation, which unlike the other observations was made using Very Long Baseline Interferometry, the lightcurves are remarkably consistent with scaled versions of the Swift J1644+57 lightcurve.
rTDF candidates are plotted in their rest frame. We plot published data for the best studied burst, Swift J1644+57, chosen to approximate the rest frequencies of our observations and for comparison we reduced a single late time epoch of archival observations taken at the VLA at 21 and 9 GHz (PI: Zauderer). The late time emission of all three candidates are within an order of magnitude of each other at the same epoch. Further, the evolution of Swift J1112-8238 is consistent with the shallow rest-frame 10 GHz and steep 20 GHz evolution of Swift J1644+57. The lightcurve of Swift J2058+05 is, at first glance, quite different to the other two, with an apparent sharp decline in flux by the rest-frame 40 day observation. This measurement was made through VLBA observations which may not be directly comparable with the other observations. Given that at X-ray and γ-ray wavelengths Swift J1112-8238 and Swift J1644+57 had similar luminosities while Swift J2058+05 was somewhat more luminous, it would not be unreasonable to expect a similar behaviour in radio luminosity. With the exception of the anomalous VLBA point, that appears to be the case.
As shown in Generozov et al. (2017), we expect that the peak radio luminosity of the radio emission to scale appropximately as E 0.6 jet and with external gas density as n 1.2 gas , so the factor ∼ 4 in radio luminosity for Swift J2058+05 compared to J1644+57 may indicate a jet energy higher by Figure 6 . The spectral index evolution of the three rTDF candidates, Swift J1644+57 (black), Swift J2058+05 (blue) and Swift J1112-8238 (red). The data for Swift J1644+57 is compiled from contemporaneous observations from Zauderer et al. (2011 ), Berger & Zauderer (2012 and Zauderer et al. (2013) , while the Swift J2058+05 observations are from Cenko et al. (2012) and Pasham et al. (2015) . The vertical dashed lines indicate the times when the peak frequency of the modelled emission passes through the observed bands (Metzger et al. 2012) . Note that, while the uncertainities on the Swift J1112-8238 observations are large, all three candidates are consistent with following the same spectral evolution. a factor of ∼10 or a circumnuclear density higher by a factor of ∼3. Given the variation we expect in the latter, the observed variation between events is physically plausible. By contrast, and as was the case for X-ray flux, this suggests that Swift J1112-8238 had a very similar jet-energy to Swift J1644+57.
The late time radio emission from TDFs is expected to be virtually isotropic (Mimica et al. 2015) and thus offaxis observations of this class of relativistic TDFs are clearly distinct from those of observed thermal TDEs, whose radio fluxes at comparable times are significantly lower (van Velzen et al. 2013; Bower et al. 2013) . However the sparse sampling precludes further interpretation, emphasising the need for further monitoring of members of this class.
The spectral evolution of all three candidates (where contemporaneous observations in two or more bands allow) also shows a striking similarity (see Figure 6 ). Both Swift J1644+57 and Swift J2058+05 begin with a negative spectral index that evolves as expected towards synchrotron selfabsorption at late times (α∼1, Metzger et al. 2012) . The uncertainties on the spectral indices of the observations of Swift J1112-8238 are large, but are nonetheless consistent with the same spectral evolution.
IMPLICATIONS FOR THE INTERPRETATION OF THE FLARE
Having obtained high resolution imaging, we confirm that the transient centroid is likely to be associated with one component of an interacting system. Within this, it is consistent with, but not precisely aligned to, the most massive and most compact emission region. This offset would not be unheard of in events identified as tidal disruption flares, with PTF10nuj and PTF11glr (Arcavi et al. 2014), and ASASSN15oi (Holoien et al. 2016b ) each had offsets of varying significance from their host's centres. However, it remains possible that the flare is not associated with accretion onto a supermassive black hole but instead with an unusual core collapse event origin. Such a core collapse event could result from a burst of star formation triggered by the merging system as molecular gas clouds are subjected to shocks and tidal effects (e.g. Bournaud 2011). Merger triggered star formation commonly occurs in one of two places -in the nuclear region of the merging galaxy (Keel et al. 1985) or on the boundary (as seen in the Antenna Galaxy; Wang et al. 2004 ). The latter scenario may explain the star-forming complex seen on the south-western edge of the system in the F606W imaging, but this is inconsistent with the transient location. A possibly related class of event, the Ultra-long GRB (ULGRBs; see e.g. Levan et al. 2014) , has been associated with massive core collapse through the detection of a supernova following the initial burst of a single event (Greiner et al. 2015) . As discussed in B15, the properties of the ULGRBs and the three rTDF candidates differ in that ULGRBs have much shorter gamma-ray flare durations, as defined by the T 90 measure (10 4 seconds for the ultra-long GRBs compared with the 10 6 s for the Swift J1644+57-like events), and far less luminous late-time X-ray emission.
The detection of an optical/NIR rebrightening in the long-term evolution of Swift J1644+57 with an absolute magnitude, color and duration consistent with that of a superluminous supernova, could suggest all of the detected extreme duration gamma-ray flares originate from massive star collapse. However, this rebrightening has a number of alternative possible explanations including the reverberation of X-ray emission similar to the effect used to map the central regions of AGN, based on a possible time lag between the X-ray and optical lightcurves (Yoon et al. 2015) . It could also be explained in terms of a late peaking component of thermal or synchrotron emission associated with a tidal disruption flare . With an absolute magnitude of M i = −20.0, Swift J1112-8238 is comparable in luminosity to typical superluminous supernovae. However, the peak optical observations made ∼20 days post trigger (∼10 days rest-frame) place it on a somewhat shorter timescale than the tens of days rise times seen in SLSNe (e.g. Gal-Yam 2012). Unfortunately, the sparsely sampled optical lightcurve of Swift J1112-8238 makes determining the presence or absence of an underlying supernova impossible in this case.
Recent work on the hosts of hydrogen-poor superluminous supernovae shows a preference for a narrow range of properties. If Swift J1112-8238 were associated with a superluminous supernova, it would have an atypical host galaxy. The bulge component of the host is consistent with being amongst the more massive and more star-forming of the superluminous supernova hosts (Lunnan et al. 2014; Angus et al. 2016; Perley et al. 2016) . Meanwhile, its near solar metallicity disfavours its inclusion with the hosts of hydrogen-poor SLSNe (Leloudas et al. 2015) . However the much wider range of galaxies playing host to the hydrogenrich variant, with metallicities up to 8.9, makes it difficult to rule out a superluminous supernova association.
By comparison, the interacting nature of the host has some interesting parallels in other TDF hosts. Studies such as those by Arcavi et al. (2014) and French et al. (2016a,b) have shown that a disproportionate fraction of TDF hosts show signs of being members of a rare class of galaxy known as the E+A galaxies. These galaxies are thought to be the result of a relatively recent and significant burst of star formation (Quintero et al. 2004 ) that may have been triggered by a merger event. They make up less than 1% of local galaxies, and yet a majority of thermal TDF hosts show E+A-like properties such as strong Balmer absorption lines with minimal ongoing star formation. The reason for the greater rates of TDFs within these galaxies is likely due to the presence of enhanced stellar number densities in the cores of these galaxies which increases the number of stars able to be funnelled into the loss cone (Stone & Velzen 2016) . However, E+A galaxies are typically defined as having no observable Hα and [Oii] emission (Goto 2007; Yamauchi et al. 2008 ) and it appears unlikely that the host of Swift J1112-8238 has the very low Hα equivalent width found for typical TDF hosts by French et al. (2016a) . This suggests that it is a rather younger star forming system, perhaps only recently undergoing its merger event.
The question then is at what point in the evolution of a merging/post-merger system does the enhanced stellar number density occur. It is possible that some degree of over-density could present itself while the merger is still on going, as may have been seen here. The reason then for the relative lack of ongoing examples in thermal TDFs is that the merger timescale of only a ∼1 Gyr (e.g. Cox et al. 2008 ) is shorter than the lifetimes of Sun-like stars (∼10 Gyr). However, this ratio is not so large as to exclude the chance of seeing a reasonable fraction in ongoing mergers as may have happened here.
Alternatively, the merging nature of the host opens other channels for the enhanced tidal disruption flare rates. Tidal interactions perturb stellar orbits and can enhance the rate of TDFs by as much as two orders of magnitude. This effect, while dependent on the mass of each galaxy, occurs when the galaxies come within a few effective radii of one another (Liu et al. 2009 ). At the same time, migration of the black holes towards the dynamical centre provides an additional boost. This may also lead to a spatial offset between a TDF location and the apparent host centroid (as may be seen in Swift J1112-8238) since the black holes are not guaranteed to be coincident with the bulk of the stellar mass. Finally, the merger of the supermassive black holes is also expected to greatly enhance the rate of tidal disruption flares for a short period of time. In the few decades following the SMBH merger, rate of tidal disruption flares may increase to ∼0.1 yr −1 (Stone & Loeb 2011) . While the short duration of this enhancement makes this effect unlikely to be a large contributor to the global TDF rate, it is nonetheless expected to be observed on occasion in galaxies undergoing, or shortly following, a merger. Indeed because the dynamical friction timescale for the infall of SMBHs is only of order 1 Gyr (e.g. Just et al. 2011) , similar to the galaxy merger timescale, it might be possible to observe the effects of the SMBH merger while the galaxies are still heavily distorted.
In any case, the concurrence of SMBH mergers and high tidal disruption flares rates is of great interest in the current age of multi-messenger astronomy.
In both of the previous rTDF candidates, a strong diagnostic of their nature was the detection of a rising radio flare with properties that indicated the production of a moderately relativistic jet (Zauderer et al. 2011; Berger & Zauderer 2012; Cenko et al. 2012; Pasham et al. 2015) . The radio observations outlined in this work confirm the existence of a similar feature in the late-time evolution of Swift J1112-8238. Given the very low optical and UV inferred star formation rates and lack of any other AGN indicators, there is no other clear explanation for the radio emission. The possibility of similar lightcurves and spectral evolution between the three rTDF candidates is also tantalisingly suggestive of a connection. However, the lack of long-term monitoring in two of the candidates, and the low significance of the detections of Swift J1112-8238, preclude more definite inferences. This highlights the need for regular follow-up of candidates with radio observations to build up an understanding of the radio evolution of these events.
One outstanding question surrounding the origin of these events is the apparent lack of new candidates. All three firm candidates were detected within three months of one another in the first half of 2011. While previously suggested to be little more than a statistical fluke, the longer the dearth of candidates continues, the more puzzling it becomes. In recent months, however, new possible candidates have been detected. These have included Fermi J1544-0649/Swift 154419.7-064915/ASASSN17gs (Ciprini et al. 2017) , an X-ray transient detected with Fermi and Swift that may also be associated with an optical transient detected by the ASASSN supernova survey. A further event detected by Swift, GRB170714A (D'Ai et al. 2017) , is a long-lived gamma-ray transient that also displays some similarities to the rTDF candidates. However, GRB170714A has a much shorter duration in gamma-rays and the lack of detection in radio with the VLA (Horesh et al. 2017 ) and NOEMA (de Ugarte Postigo et al. 2017 ) indicates this burst is instead a ULGRB, while Fermi J1544-0649 may instead belong to a set of BL Lac type objects with similar, albeit fainter, flares (Kawase et al. 2017 ). As such, for the moment it seems that the three rTDF candidates remain the only events of their type and the lack of similarity with other events means the most likely explanation for their temporal coincidence is still an odd statistical fluke. Only future observations of candidate flares will be able to confirm this.
SUMMARY
Our results may be summarised as follows: (i) X-Shooter spectroscopy has confirmed the previously determined redshift of the candidate as z = 0.8900 ± 0.0005.
(ii) Both X-Shooter spectroscopy and HST imaging show the host has a complex morphology, consistent with an interaction or merger.
(iii) The transient is loosely associated with the bulge component centroid, although formally offset by 2.2σ.
(iv) The detection of radio emission from the host of Swift J1112-8238 likely comes from the transient flare. Comparison of the radio lightcurves and spectral evolution of all three rTDF candidates suggest they may be consistent with a single evolutionary behaviour.
(v) All available evidence remains consistent with a tidal disruption flare origin for Swift J1112-8238.
Based on these findings, it seems likely that the three rTDF candidates do indeed share a common origin, although better sampling of the evolution of these sourecs would have strengthened this conclusion. Priority must therefore be placed on obtaining systematic follow-up of future candidates.
